Objective: The estrogenicity of dietary soy may increase the risk of diseases, such as uterine leiomyoma and endometriosis, which originate from uterine tissue and are predominant indications for hysterectomy. We sought to determine whether soy product intake is associated with an increased risk of premenopausal hysterectomy. Design: Prospective cohort study. Setting: Takayama City, Gifu, Japan. Subjects: A cohort of 1172 female residents randomly selected from participants in the Takayama Study who were aged 35 -54 and premenopausal at the time they entered the study in 1992. Measurements: Diet including soy product and isoflavone intake was assessed by a validated semiquantitative food frequency questionnaire at baseline. Information on the onset of menopause and hysterectomy were obtained by a follow-up mail questionnaire in 1998. Results: During the 6 y study period, 31 women underwent premenopausal hysterectomies. The second tertile of isoflavone intake was significantly associated with an decreased risk of premenopausal hysterectomy compared to the lowest tertile of intake after controlling for age and total energy (rate ratio ¼ 0.35, 95% confidence interval 0.13 -0.97), although the dose -response relationship was not statistically significant. Conclusions: It is possible that soy product intake may be inversely associated with diagnoses leading to hysterectomy. Future studies focusing on specific diseases will be required to examine this possibility.
Introduction
Soy products contain high quantities of phytoestrogens, which are thought to possess weak estrogen activity (Kurzer & Xu, 1997) . Numerous studies have suggested that phytoestrogens may play a role in preventing several chronic diseases, including breast cancer, cardiovascular disease and menopausal bone loss (Kurzer & Xu, 1997; Messina & Barnes, 1991) . These effects may be due to action of phytoestrogen as an estrogen agonist or antagonist by binding to estrogen receptors. Uterine tissue has estrogen receptors (Wang & Miksicek, 1994) , and diseases originating from uterine tissue, such as uterine leiomyoma and endometriosis, are estrogen-dependent diseases (Burroughs et al, 1997; Noble et al, 1996) . Little is known about their epidemiology or etiology. Exposure to dietary estrogen may be associated with the developments of these conditions. Exposure to some estrogenic chemicals, such as dioxin and organochlorine, have been suspected to increase the risk of endometriosis (Rier et al, 1995; Osteen & SierraRivera, 1997) .
Uterine leiomyoma and endometriosis, together with dysfunctional uterine bleeding, are predominant indications for hysterectomy (Luoto et al, 1994; Lepine et al, 1997) , which is elective surgery. Some previous studies have suggested non-biological reasons, including resource accessibility, professional attitude and patients' characteristics, as determinants of hysterectomy (Steege, 1997) . However, if dietary soy affects the risk of uterus-originating diseases, such a biological effect may be partially reflected in the association with hysterectomy. Therefore, we examined the association between soy product intake and premenopausal hysterectomy, using data from a follow-up study of Japanese women.
Methods
Study subjects were recruited from participants in the Takayama Study (Shimizu, 1996) , which was designed to evaluate the role of diet and lifestyle in the subsequent development of cancer. In 1992, about 92% of all residents of Takayama City, Japan, who were aged 35 y and over, responded to a self-administered questionnaire which included basic demographic information and information regarding dietary history, smoking and drinking habits, exercise habits and reproductive history. Dietary history was obtained through a semiquantitative food frequency questionnaire. Participants were asked to indicate the average frequency of consumption of 169 food items during the year prior to the study and the usual serving size of each food item. There were nine possible response categories for the frequency questions, ranging from almost never to four or more times per day. Intakes of soy products and other foods and nutrients were estimated from the frequency of intake and portion size using the Standard Tables of Food Composition in Japan, 4th revised edition, published by the Science and Technology Agency of Japan. Isoflavone intake from soy products was estimated using isoflavone concentration data summarized by Wakai et al (1999) . Detailed information on the questionnaire, including results of validity and reproducibility tests, has been described elsewhere (Shimizu et al, 1999; Nagata et al, 1997) . In the validity test, the Spearman correlation coefficients comparing estimates from this questionnaire and 12 daily diet records over 1 y were 0.68, 0.63 and 0.65 for total amount (g) of soy products, daidzein and genistein, respectively.
A total of 6324 women, aged 35 -54, reported that they were premenopausal on 1 September 1992. Census data and vital statistics showed that, among these women, a total of 222 women had died (n ¼ 26) or moved to another city (n ¼ 196) between 1 September 1992 and 31 December 1996. In August 1998, we randomly selected 1500 women using the computerized random digit table for the present study from the remaining women who were premenopausal at baseline. We sent them a questionnaire asking whether menstrual periods had stopped, and if so, whether the cause was natural aging, surgery or radiation=medication. We regarded women who reported surgical menopause as those who had undergone hysterectomies. One month after sending out the questionnaire, we sent it again to those women who had not responded. In the end, 1196 women responded to the questionnaire; 23 women had died (n ¼ 2) or moved (n ¼ 21) between 1997 and 1998. Therefore, the response rate was 81.0%. This study was approved by the local institutional review board, and each participant provided written informed consent.
To evaluate the association between soy product intake and premenopausal hysterectomy, and to adjust for confounding factors, rate ratios (RRs) with 95% confidence intervals (CIs) were calculated using Cox's proportional hazard regression method (Kalbfleisch & Prentice, 1980) . Intakes of soy products and other foods and nutrients were adjusted for total energy using the method proposed by Willett, 1990 and were categorized according to the tertile of energy-adjusted values in the entire study population. The lowest tertile was the reference category. Each subject's time at risk was computed as the time when they entered the study (1 September 1992) to the time they underwent hysterectomies or responded to the 1998 questionnaire. Women who reported onset of a natural menopause or menopause caused by radiation or medications during the study period were regarded as censored at the reported time of menopause. Twenty-four women who did not report age at menopause were excluded from the analysis. Subsequently, the study included 1172 women. By including the following variables in the models, we examined the potential confounding effects of age, body size, smoking status, years of education, parity, exercise habits, age at menarche, age at which regular menses started, age at the birth of first child, history of abortion and intake of alcohol and macro-and micronutrient. Age at the time of entering the study was placed in the appropriate 
Results
The characteristics of 1172 women at the time of entering the study are presented in Table 1 . Most participants were married and parous. During the study period, 31 women had premenopausal hysterectomies. The rate of premenopausal hysterectomy was 5.2 per 1000 women-years in this study population. Due to natural-or radiation=medication-induced menopause, 343 women were censored during the study period. Total soy product intake (g) was nonsignificantly associated with a decreased risk of premenopausal hysterectomy ( Table 2 ). The second tertile of total isoflavone intake was significantly associated with a decreased risk of hysterectomy. However, the highest tertile of total isoflavone intake was not significantly associated with premenopausal hysterectomy. Similar tendencies were observed for genistein and daidzein. Additional adjustments for body mass index (BMI), smoking status, education, parity and intake of other nutrients such as fat and vitamins did not alter the results substantially.
Discussion
We found a significant inverse association between the second tertile of isoflavone intake and premenopausal hysterectomy. A decreased RR was also observed between premenopausal hysterectomy and the second tertile of total amount of soy products, although this association did not attain the statistical significance.
Isoflavones bind to estrogen receptor (Martin et al, 1978; Kuiper et al, 1997) . Isoflavones may act as estrogen-antagonist in the uterus through a competitive estrogen receptor-mediated mechanism. Isoflavones also inhibit aromatase activity (Adlercreutz et al, 1993 ) and 17b-hydroxysteroid oxidoreductase type 1 (Mäkelä et al, 1995) , thus potentially diminishing formation of estradiol from other steroids. Furthermore, isoflavones are considered to be antiproliferative, presumably due to inhibition of tyrosin kinases (Akiyama et al, 1987; Huang et al, 1992) and topoisomerase (Okura et al, 1988) . Isoflavones also inhibit angiogenesis (Fostis et al, 1995) . These known properties of isoflavones may lead to prevent the development of the uterus-originated diseases. However, the lack of a significant association between the highest tertile of isoflavone intake and risk of premenopausal hysterectomy makes interpretation of this finding difficult. We cannot deny a possibility that the observed significant association between the second tertile of isoflavone intake and premenopausal hysterectomy may have been mere coincidence. However, the beneficial effect of isoflavone may not depend linearly on the dose, as a dose -response relationship is not always expected for a hormonal effect (Tansey et al, 1998) .
One could argue that our findings on soy product intake and hysterectomy may be explained by non-biological factors associated with hysterectomy. As a non-biological factor, low education has been reported to be associated with hysterectomy (Vuorma et al, 1998; Kjeruff et al, 1993; Luoto et al, 1997; Marks & Shinberg, 1997; Brett et al, 1997) . To our knowledge, however, there has been no previous study on determinants of hysterectomy in Japan. In our study population, there was no indication that number of years of education was associated with hysterectomy rate (RRs: 0.61 (95% CI 0.28 -1.36) for 12 -14 y and 1.30 (95% CI 0.41 -4.19) for 15þ y, compared to less than 12 y of education; P for trend ¼ 0.76). In addition, among the factors related to hysterectomy, we identified some factors known to be related to uterine leiomyoma and endometriosis. Parity was marginally associated with hysterectomy in spite of the small sample size (RRs: 0.78 (95% CI 0.23 -2.62) for 1 -2 children and 0.35 (95% CI 0.08 -1.49) for 3þ children, compared to nulliparous; P for trend ¼ 0.07). Multiparity has been associated with decreased risk of uterine leiomyoma and endometriosis in previous studies as summarized by Vollenhoven (1998) and Eskenazi and Warner (1997) . An inverse association with smoking (RR: 0.80 (95% CI 0.24 -2.67) for current vs nonsmokers) did not contradict the expected antiestrogeniceffect of smoking (Ross et al, 1986) . These observations support the possibility that associations of soy product Soy product intake and hysterectomy C Nagata et al intake with hysterectomy reflect, to some extent, associations of soy product intake with diagnoses leading to hysterectomy. The median estimates of intake of soy products and isoflavones for tertile may be overestimated by the study questionnaire. In the validity test, the estimates from the questionnaire were about 40% higher than those estimated from the 12 daily diet records over one year. However, our questionnaire was designed to measure an individual's relative intake rather than absolute values.
The small sample size, measurement error for dietary intake estimates, and lack of information on indications for hysterectomy and their confirmation are other weaknesses of the present study. It is likely that the associations with soy product intake are heterogenous among different diagnoses. We were unable to analyse the association of soy product intake with each diagnosis. Little data exists concerning the distribution of diagnoses leading to hysterectomy in Japan. Based on data from the Adult Health Study of the Radiation Effects Research Foundation, among women who entered menopause during the follow-up period (from 1958 to 1989) of a study, 18.5% of the cases were due to hysterectomy. Most common diagnosis leading to the hysterectomy was uterine myoma (80.0%, Akahoshi et al, 1996) . Results of the present study may mainly reflect the association of uterine myoma with dietary soy.
In spite of these limitations, in this preliminary study we intended to uncover the relationship between dietary soy and hysterectomy, a relationship that has not been investigated in the past. The study was prospective and based on information, given by a representative sample of the general population, on hysterectomy and soy product intake, including several potential confounders. This observational study could have been conducted only in a population in which a relatively high average soy product intake and a large variation in that intake are expected. It is possible that dietary soy is inversely associated with diagnoses leading to hysterectomy. Future studies focusing on specific diseases will be required in order to examine this hypothesis.
